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Background: Despite the importance of blood pres-
sure (BP) control in secondary prevention, a significant
proportion of patients with coronary disease have un-
controlled BP.

Methods: This retrospective cohort study of patients with
coronary disease (N=10 447) evaluated the impact of
medication nonadherence and therapy intensification on
reaching target BP goals. Medication adherence was cal-
culated as the proportion of days covered for filled pre-
scriptions of antihypertensive medications. Therapy in-
tensification included dosage increase or increase in
number of antihypertensive medications. The primary out-
come was uncontrolled systolic BP (SBP) over time, using
a latent class model that incorporated longitudinal SBP
data and assigned patients to SBP trajectory groups. Mul-
tivariable regression evaluated the association between
medication nonadherence (ie, proportion of days cov-
ered, �0.80) and therapy intensification with SBP con-
trol over time, with adjustment for demographics and
clinical characteristics.

Results: Three SBP trajectory groups were identified: (1)
patients with BP that remained controlled (ie, SBP, �140
mm Hg) over time (n=9114 [87.2%]); (2) patients with
high BP that became controlled (n=779 [7.5%]); and (3)
patients with BP that remained high over time (n=554
[5.3%]). In multivariable analyses, therapy intensifica-
tion (odds ratio, 1.31; 95% confidence interval, 1.01-
1.70) and medication nonadherence (odds ratio, 1.73;
95% confidence interval, 1.34-2.24) were associated with
uncontrolled BP compared with high SBP that became
controlled over time.

Conclusions: These findings suggest that medication non-
adherence can help explain why BP levels remained el-
evated despite intensification of antihypertensive medi-
cations. Successful BP control is seen with a combination
of intensification and adherence, suggesting that therapy
intensification must be coupled with interventions to en-
hance medication adherence.
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C ORONARY ARTERY DISEASE

(CAD) is common and af-
fects more than 13 mil-
lion patients in the United
States.1 Uncontrolled

blood pressure (BP) among patients with
CAD is associated with increased risk of
recurrent cardiovascular events, includ-

ing death, nonfatal myocardial infarc-
tion, and nonfatal stroke.2 The guide-
lines of the Seventh Report of the Joint
National Committee on Prevention, De-
tection, Evaluation, and Treatment of High
Blood Pressure currently recommend a
treatment goal of less than 140/90 mm Hg
among patients with CAD, although lower
BP targets may still be beneficial.3 De-
spite the importance of BP control, fewer

than 50% of patients with CAD in clini-
cal practice have their BP at levels recom-
mended by national guidelines.4,5

Previous studies have focused mainly
on patient characteristics associated with
uncontrolled BP in the CAD population,
such as diabetes or left ventricular hyper-
trophy.5 Although the recognition of pa-
tient factors associated with uncon-
trolled BP is important, such recognition
does not directly support the changes in
care delivery necessary to increase the pro-
portion of patients with CAD who have
controlled BP. The Seventh Report of the
Joint National Committee on Preven-
tion, Detection, Evaluation, and Treat-
ment of High Blood Pressure outlines the
importance of therapy intensification and
medication adherence for achieving BP
control.6 However, relatively little is known
about the significance of these factors in
achieving BP control in clinical practice.
Moreover, previous studies have not as-
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sessed the impact of both medication nonadherence and
therapy intensification on the achievement of BP goals
among patients with CAD.

Accordingly, the objectives of this study were to as-
sess the association between antihypertensive medica-
tion nonadherence and therapy intensification with BP
control among patients with known CAD in a large man-
aged care organization. Specifically, we assessed BP con-
trol rates based on serial BP measurements over time.
Then, we evaluated the association between antihyper-
tensive medication nonadherence and therapy intensi-
fication with BP control. The findings of this study may
have important implications for evaluating BP manage-
ment among patients with CAD and designing interven-
tions to improve BP control and patient outcomes.

METHODS

STUDY SETTING

Kaiser Permanente of Colorado (KPCO), Aurora, is an inte-
grated, nonprofit managed care organization that provides medi-
cal services to more than 415 000 members in the Denver and
Boulder, Colorado, metropolitan areas. Patients are initially iden-
tified with an algorithm that is applied to automated databases
consisting of hospitalization records and outpatient diag-
noses. The diagnosis of CAD is validated, based on prior myo-
cardial infarction, percutaneous coronary intervention, or coro-
nary artery bypass graft surgery, by chart review before inclusion
in the registry.

The KPCO has an active clinical pharmacy specialist–
managed, physician-monitored disease management service
called CPCRS that assists primary care providers and cardiolo-
gists with implementation and long-term management of evi-
dence-based treatment for patients with CAD.7 Lipid levels and
BP are managed by the clinical pharmacy specialists as part of
the service. Almost all of the patients (95.3%) included in the
current study were enrolled in the CPCRS program at some point
during the observation period and had active management of
their BP by a clinical pharmacy specialist in addition to usual
care.

PATIENTS

We conducted a retrospective cohort study of patients in the
KPCO CAD registry. Patients were included if they had at least
12 months of continuous follow-up after entry into the regis-
try and a minimum of 4 outpatient BP measurements re-
corded in the computerized medical record, which was avail-
able beginning in July 2000. A total of 10 447 patients met the
inclusion criteria for the current study.

PHARMACY DATA

The automated pharmacy records at KPCO include all medi-
cations dispensed at each outpatient facility. The majority of
patients (�98%) have prescription drug coverage for a nomi-
nal copayment. The nominal copayment and the location of
pharmacies at the same site as the clinic offices serve as incen-
tives for patients to fill their prescriptions within the system.

MEDICATION ADHERENCE

Medication adherence was calculated as the proportion of days
covered (PDC), which was based on the total number of days

supplied for each filled antihypertensive medication divided by
the observation time interval. The observational time interval
began on the day of first dispensed prescription of a medica-
tion or patient entry into the CAD registry if they were already
receiving the medication. The observational time interval ended
on the day of the last dispensed prescription plus the number
of days supplied for that prescription. Classes of antihyperten-
sive medications considered included �-blockers, dihydropyri-
dine calcium channel blockers, nondihydropyridine calcium
channel blockers, angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and diuretics. For patients who
were prescribed multiple medications, a summary PDC mea-
sure was calculated based on the averaged PDC for all antihy-
pertensive medications. Patients were classified as nonadher-
ent based on a PDC of less than 0.80, consistent with the
literature.8,9

THERAPY INTENSIFICATION

We evaluated therapy intensification based on changes in an-
tihypertensive prescriptions filled during each patient’s first and
last 6 months of follow-up. We recorded daily dosages for each
medication and defined dosage increase as any increase in daily
dose in milligrams for any antihypertensive medication. Therapy
intensification was defined as a dosage increase for any drug
or an increase in the total number of antihypertensive medi-
cations between the first and last 6 months of follow-up.10 A
single substitution of drug class was not counted as intensifi-
cation.

DEPENDENT OR OUTCOME VARIABLE

The primary outcome variable was pattern of systolic BP (SBP)
control. To model this, we used a SAS procedure (TRAJ; SAS
Institute Inc, Cary, NC) to identify BP trajectories over time.11-13

With this procedure, SBP measurements are treated as cen-
sored normal data following a polynomial time course and given
a discrete latent class assignment. The procedure isolates dis-
tinct trajectories of SBP over time (one for each latent class)
and fits a mixture model to calculate the probability of mem-
bership in each latent class for each patient. The Bayesian in-
formation criterion is used to determine the optimal number
of trajectories and is analogous to the adjusted R2 in that it bal-
ances model complexity and model fit.12

We examined models that incorporated 2 to 8 trajectory
groups based on all available BP data (median number of BP
measurements per patient, 20; median follow-up, 4.5 years).
The model with 6 distinct BP trajectory groups appeared to best
fit the data and had the optimum Bayesian information crite-
rion. Next, we calculated the average SBP for each trajectory
group according to tertiles of follow-up duration using all avail-
able BP measurements within each tertile. During the first ter-
tile of follow-up, the average SBP was less than 140 mm Hg in
4 of the groups and greater than 145 mm Hg in 2 of the groups.
Therefore, we combined the 4 groups in which the SBP was
less than 140 mm Hg and defined 3 clinically relevant SBP groups
as follows: (1) patients with controlled SBP that remained stable
and controlled over time based on an SBP less than or equal to
140 mm Hg (normal-normal); (2) patients who started with
high SBP that decreased over time (high-normal); and (3) pa-
tients who started with high SBP that remained high over time
(high-high).

STATISTICAL ANALYSIS

Baseline demographic factors and comorbidities were com-
pared across the 3 BP control groups using the �2 test for cat-
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egorical variables and analysis of variance for continuous vari-
ables. We also compared the percentage of patients with
antihypertensive medication dosage increases or addition of
medications and nonadherence across the 3 groups using �2

tests. In our primary multivariable logistic regression analyses,
we assessed the independent association between medication
nonadherence and therapy intensification with uncontrolled
BP (high-high group) using patients in the high-normal group
as the referent group. These multivariable models included
patient demographics and cardiac and noncardiac comorbid-
ity variables.

To further assess the robustness of our findings, we per-
formed a series of secondary analyses. First, we used patients in
the normal-normal BP group as the referent group. Second, we
assessed the association between medication nonadherence and
therapy intensification among patients in the high-normal group
compared with those in normal-normal group. Third, we re-
stricted the cohort to patients with a hypertension diagnosis.
Fourth, we performed sensitivity analysis for patients whose SBP
levels were around 140±2 (mean±SD) mm Hg by (1) excluding
them, (2) including them in the normal-normal group, and (3)
including them in the high-high group. The results of these sen-
sitivity analyses were consistent with the primary analysis and are
not further reported. Fifth, we redefined our outcome variable
of SBP control using the following method: (1) taking the aver-
age of first 2 SBP measurements for each patient within the first
tertile of observation; (2) taking the average of last 2 SBP mea-
surements for each patient within the last tertile of observation;
and (3) categorizing patients into SBP control groups based on
differences in the BP averages between the 2 time periods. Then,
we repeated the multivariable analysis. Sixth, we used the “max-
scaled” R2-square estimates to assess the relative contribution of
nonadherence to the explained variance for uncontrolled BP over
time.14

Finally, randomized controlled studies have found that even
adherence to placebo is associated with improved outcomes,
suggesting a “healthy adherer” effect whereby adherence to drug
therapy may be a surrogate marker for overall healthy behav-
ior.15 Because statin (3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitor) medications were prescribed for most pa-
tients (approximately 85%), we evaluated for this healthy ad-
herer effect using statin adherence (PDC, �0.80) as a surro-
gate. First, we assessed the correlation between antihypertensive
and statin medication adherence among patients receiving both
medications (n=8834). Next, we evaluated the association be-
tween statin adherence and BP control using the same multi-
variable modeling approach as the primary analyses. Finally,
we added statin adherence to the multivariable models that in-
cluded antihypertensive medication adherence and therapy in-
tensification to determine whether statin adherence remained
associated with BP control.

The study was approved by the institutional review board
of KPCO. All analyses were performed using SAS statistical soft-
ware, version 9.1 (SAS Institute Inc).

RESULTS

Patients in the normal-normal group had an average SBP
level of 126.7±11.3 mm Hg, which remained stable over
time, and they made up the majority of the cohort (87.2%)
(Figure 1). Patients in the high-normal group (7.5%)
had an initial mean SBP level of 146.7±8.1 mm Hg, which
decreased to 128.1±9.0 mm Hg at the end of the obser-
vation period. Patients in the high-high group (5.3%) had
an initial SBP level of 154.4±11.2 mm Hg, which re-
mained high at the end of follow-up (152.5±12.0 mm Hg).

Baseline patient characteristics based on BP control
groups are outlined in the Table. Patients in the high-
high and the high-normal groups were older and more likely
to be female and to have comorbidities (eg, hypertension,
diabetes, and cerebrovascular disease) than patients in the
normal-normal group. Patients in the high-high and the
high-normal groups were also more likely to be nonad-
herent to antihypertensive medications and to have therapy
intensification (Figure2). Of nonadherent patients in the
high-high group, 67.2% received therapy intensification,
while 60.1% of nonadherent patients in the the high-
normal group received therapy intensification.

In multivariable analyses, medication nonadherence
(odds ratio [OR], 1.73; 95% confidence interval [CI], 1.34-
2.24) and therapy intensification (OR, 1.31; 95% CI, 1.01-
1.70) were significantly associated with having uncon-
trolled BP (high-high group) compared with having high
SBP that became controlled over time (high-normal
group). Other significant factors in the multivariable mod-
els included female sex (OR, 1.39; 95% CI, 1.09-1.77),
history of atrial fibrillation (OR, 0.65; 95% CI, 0.49-
0.85), coronary artery bypass graft surgery (OR, 0.77; 95%
CI, 0.61-0.98), and depression (OR, 0.74; 95% CI, 0.57-
0.95). Similarly, patients with uncontrolled BP were more
likely to be nonadherent to antihypertensive medica-
tions (OR, 1.50; 95% CI, 1.23-1.81) and to have therapy
intensification (OR, 2.86; 95% CI, 2.35-3.49) than pa-
tients with normal BP over time (normal-normal group).
The findings were consistent when the analysis was re-
stricted to patients with a diagnosis of hypertension. These
findings suggest that medication nonadherence may ex-
plain why BP levels remained elevated despite intensifi-
cation of treatment with antihypertensive medications.

In contrast, patients in the high-normal group were
more likely to have therapy intensification than patients
in the normal-normal group (OR, 2.21; 95% CI, 1.88-
2.60); however, there was no association between medi-
cation nonadherence and being in the high-normal group
compared with the normal-normal group (OR 0.91; 95%
CI 0.77-1.09). This suggests that patients in the high-
normal group received therapy intensification and were
taking antihypertensive medications as prescribed, which
resulted in the decrease in BP levels over time.

In sensitivity analysis using the average of the first and
last two BP measurements to define outcomes, the asso-
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Figure 1. Trajectories of systolic blood pressure (BP) over time (N=10 447).
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ciation between antihypertensive medication nonadher-
ence (OR,1.23; 95% CI, 1.03-1.48) and therapy intensi-
fication (OR, 1.12; 95% CI, 0.95-1.33) in patients with
uncontrolled BP compared with patients with high BP
that decreased over time remained consistent. Next, we
assessed the relative contribution of nonadherence to the
explained variance for uncontrolled BP over time, and it
accounted for approximately 23% of the variance.

Finally, we assessed for the presence of a healthy ad-
herer effect using statin medication adherence as a sur-
rogate marker. Adherence to antihypertensive medica-
tions and to statin medications was modestly correlated
(r=0.35; P� .001). In multivariable analyses, statin ad-
herence was associated with BP control (OR, 0.53; 95%
CI, 0.44-0.65). The findings were consistent even after
adjustment for antihypertensive medication adherence
and therapy intensification (OR, 0.54; 95% CI, 0.43-
0.66).

COMMENT

In a large managed care organization cohort of patients
with CAD, we found that approximately 12% of pa-
tients with CAD had uncontrolled BP, but this number
decreased to approximately 5% over a median fol-
low-up period of 4.6 years. Patients with uncontrolled
BP were more likely to have intensification of antihyper-
tensive therapy and to be nonadherent to antihyperten-
sive treatment compared with patients with high BP that
became controlled over time, suggesting that medica-
tion nonadherence may be an explanation for the con-
tinuously elevated BP levels despite titration of antihy-
pertensive medications. The findings were consistent
regardless of how BP control was defined.

The successful interaction of multiple factors, includ-
ing patient, provider, and health care system, is often re-
quired to achieve the BP levels that are recommended by
national guidelines.16 Previous studies have usually fo-

cused on either the patient or the provider in isolation
and found that medication nonadherence or therapeu-
tic inertia accounted for a small variation for why BP re-
mained uncontrolled.17,18 In contrast to previous stud-
ies, we evaluated the impact of both patient and provider
factors on BP control. In a setting with disease manage-
ment, antihypertensive medication therapy was being in-
tensified for patients with high BP. However, patients with
uncontrolled BP were more likely to be nonadherent than
patients with high BP that became controlled, suggest-
ing that therapy intensification must be coupled with ef-
forts to improve medication adherence to achieve de-
sired BP levels. Our findings suggest that both therapy
intensification and medication adherence are important
components for achieving recommended BP goals and
need to be evaluated concurrently to identify gaps in hy-
pertension care.

The findings of our study have several potential clini-
cal implications. First, in contrast to previous methods
of assessing BP control, which usually involved a lim-
ited number of BP measurements, we used all available
measurements and identified trajectories of BP control
over time. This method may provide a better overview
of BP control than previous methods based on single cross-
sectional assessments, because BP control rates will vary
depending on when the cross-section is measured. Sec-
ond, our findings highlight the clinical importance of
medication nonadherence and suggest that nonadher-
ence should be routinely assessed in clinical practice, es-
pecially in patients who do not seem to be responding
appropriately to therapy intensification. Finally, the as-
sessment of either therapy intensification or medication
adherence in isolation provides a limited view of why BP
is not well controlled. Our findings demonstrate that both
are important components for achieving BP control on
a population basis. Future quality improvement efforts
should incorporate both of these components as part of
multifaceted interventions to improve BP control.

Table. Baseline Characteristics of the Study Populationa

Variable
High-High Group
(n = 554 [5.3%])

High-Normal Group
(n = 779 [7.5%])

Normal-Normal Group
(n = 9114 [87.2%]) P Value

Age, mean (SD), y 71.2 (9.4) 71.5 (9.0) 68.1 (10.3) �.001
Male 48.6 56.7 67.6 �.001
Hypertension 100.0 99.5 89.8 �.001
Smoker 17.7 17.9 17.3 .89
Previous coronary artery bypass graft surgery 46.9 55.2 52.4 .01
Previous percutaneous coronary intervention 43.9 46.0 47.0 .33
Previous myocardial infarction 36.3 39.5 41.3 .05
Diabetes mellitus 30.3 30.3 18.7 �.001
Cerebrovascular disease 34.8 36.5 28.3 �.001
Atrial fibrillation 23.1 34.4 30.2 �.001
Hyperlipidemia 94.8 95.6 95.6 .64
Heart failure 41.3 49.7 40.8 �.001
Chronic obstructive pulmonary disease 32.7 39.0 33.5 .006
Cancer 20.0 25.4 22.0 .04
Sleep apnea 9.0 12.1 14.1 .002
Dementia 5.1 6.6 5.4 .37
Depression 28.5 35.4 32.6 .03

aFor a definition of the 3 groups, see the “Dependent or Outcome Variable” subsection of the “Methods” section.
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Randomized controlled clinical trials have found that
even adherence to treatment with placebo is associated
with improved patient outcomes, suggesting the pres-
ence of a healthy adherer effect.15,19-22 Patients who are
adherent to treatment with medications may be more
likely to follow lifestyle recommendations and to prac-
tice other healthy behaviors that are associated with im-
proved outcomes.23,24 In our study, adherence to statin
therapy was modestly correlated with adherence to an-
tihypertensive medications and associated with con-
trolled BP even after adjustment for antihypertensive
medication adherence and therapy intensification. These
findings suggest that patients who are adherent to treat-
ment with antihypertensive medications may be more ad-
herent in general, particularly regarding medications and
other healthy behaviors. Future studies should prospec-
tively determine whether patients who are adherent to
treatment with antihypertensive medications also prac-
tice other healthy behaviors associated with BP reduc-
tion (eg, exercising daily). Also, our findings highlight
the importance of nonadherence as a risk marker for ad-
verse outcomes and suggest the need for studies to evalu-
ate the strategy of identifying nonadherent patients and
to develop interventions to improve adherence and out-
comes.

Several potential limitations of this study should be
recognized. First, our findings should be interpreted in
the context of an active disease management program in
which clinical pharmacy specialists routinely manage an-
tihypertensive medications in addition to the usual care
provided to patients. Our findings should be replicated
in settings in which disease management programs for
BP management have not been implemented. Second, we
found an association between statin adherence and BP
control and suggest that statin adherence may be a marker
for healthy adherer effect. A recent meta-analysis dem-
onstrated a 4−mm Hg change (95% CI, −5.8 to −2.2
mm Hg) in SBP among patients receiving statins com-
pared with placebo; however, in our analysis, we were
comparing different levels of adherence among all pa-
tients who were prescribed a statin and not a statin vs a
placebo.25 Therefore, the expected difference in SBP be-
tween highly adherent and less adherent statin users would
be smaller than the meta-analysis findings. Further-
more, antihypertensive and statin medication adher-
ence were correlated, suggesting that there is a general
tendency to take medications, which we labeled the
healthy adherer effect. Third, we considered a compre-
hensive list of commonly used classes of antihyperten-
sive medications but did not include �-blockers, central-
acting agents, and direct vasodilators. Finally, we found
an association between nonadherence and therapy in-
tensification with uncontrolled BP over time. Future stud-
ies should address the directionality of these associa-
tions as well as the impact of the number of medications
and, more importantly, dosing complexity on medica-
tion nonadherence.

The results of our study suggest that both therapy in-
tensification and medication adherence are important fac-
tors for BP control in community cohorts. The 2 factors,
which, to our knowledge, have not been not previously
elucidated together in nontrial settings, may help ex-

plain the continued “gaps” in BP control in clinical prac-
tice despite the widespread recognition of the impor-
tance of BP control. Studies are urgently needed to evaluate
interventions that target nonadherent patients and to de-
termine if such interventions can improve patient out-
comes and eliminate gaps in care.
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